Objectives: To determine patterns of clinical comorbidity in general practice consulters with OA and compare them with comorbidity in consulters without OA. Methods: A case-control study nested in a one-year prevalence survey of consultations in 60 general practices in England and Wales. Cases were 11 375 subjects aged 50 and over who had consulted with OA during the study year. Controls were 11 780 subjects matched for age and sex who had consulted during the study year, but not for OA. Morbidity outcomes were based on a standard clinical classification system.
T he clinical records in a general practice are a source of population based data on all morbidity for which consultation is sought among its registered patients. There is widespread use of computers to record clinical contacts, interventions, and management among general practices in the United Kingdom, and clinical records have been used to study health needs, health interventions, and health outcomes for individual diseases such as ischaemic heart disease and diabetes mellitus. 1 2 The clinical contacts may be for many different problems that a patient may present to the general practitioner and such records of contact offer potential insight into co-occurrence of multiple problems. The coexistence of other conditions with a defined index condition was originally defined as comorbidity by Feinstein. 3 Presentation of problems, particularly in relation to specific chronic diseases, has been examined in general practice, 4 5 but whether these comorbidities are conditionspecific according to the original Feinstein definition and how comorbidities other than specified chronic conditions are associated with an index condition, are questions which remain to be answered.
Osteoarthritis (OA) is one of the commonest morbidities in older people 6 and the most common reason for restricted activity in their daily life. 7 It has a high impact on healthcare use and costs, 6 8 both in hospital (for example, joint replacements 9 ) and primary care (for example, consultations 10 and drug use 11 ). It is a particularly important public health problem in an aging population. The prevalence of many other disabling conditions also rises with age, and some common chronic conditions can be found alongside OA. 12 It is not known, however, if there is comorbidity specific to patients with OA in general practice or how such comorbidity might contribute to the overall impact of an individual condition such as OA on the healthcare services.
We therefore used a large database of general practice records to describe the prevalence and patterns of clinical comorbidity using the index condition of OA. As the first phase in an investigation of OA comorbidity, our study investigated the prevalence of multiple clinical problems in patients with OA compared with controls matched for age and sex in a national population of primary care consulters.
METHOD Morbidity Statistics in General Practice (MSGP) database
The MSGP is an anonymised database of computerised patient records collected as part of a national morbidity survey of primary care consultations in the UK. Since the 1950s there have been four such surveys, each lasting for 1 year. For this study we used the most recent survey (MSGP4), which took place between 1 September 1991 and 31 August 1992. 13 All doctors and nurses employed in the 60 study practices in England and Wales recorded every face to face contact with patients on their practice register. The UK Office of Population and Census Surveys, the Royal College of General Practitioners, and the Department of Health collaborated to carry out the survey. The database comprised 142 507 patients aged 50 years and over, of whom 112 116 (78.7%) had consulted at least once during the study year. Previous studies have validated the MSGP4 database as a complete record of consultations in the participating practices and it is used as a reference standard for other consultation databases in the United Kingdom. system which uses five groups: socioeconomic class (SEC) I (professional), SEC II (managerial and technical), SEC IIIN (skilled non-manual), SEC IIIM (skilled manual), SEC IV (partly skilled), and SEC V (unskilled) 17 ; socioeconomic information was available for 83% of the database population. Comparison of this database population with the 1991 census data for England and Wales suggested that it was broadly representative of the national population. 13 
Morbidity classification in MSGP4
The practices entered on computer one or more morbidity codes for each consultation during the survey year. The codes are derived from a system of clinical classification used in the UK, the Read code classification. The UK Department of Health has adopted this as the standard for recording clinical information in the National Health Service. 18 Clinical information is grouped into broad categories (''main body system chapters''), designated by letter, and every chapter incorporates four numbered hierarchical levels, each providing progressively finer diagnostic detail. Figure 1 shows examples of this within the musculoskeletal chapter.
Study design
We carried out a case-control study, using the MSGP4 database of coded consultations as the measures of clinical comorbidity, selecting an index population of OA consulters as cases and those without an OA consultation as controls.
Study population
Case definition of ''OA'' was based on all diagnoses at the third level of the musculoskeletal and connective disease Read chapter-namely, ''OA and allied disorders''. All patients aged 50 and over who had consulted for OA at least once during the MSGP4 survey year (n = 12 885) formed the cases, and represented 11.5% of the consulting population. The control group consisted of the same number of subjects randomly selected from the population of consulters aged 50 and over who had no record of OA, after frequency matching to the cases by sex and four age groups: 50-64 years, 65-74 years, 75-84 years, and 85 years and over. The random selection was performed using SPSS. 19 Patients who had been registered with the survey practices for less than the full 366 days were then excluded (727 (5.6%) cases and 1105 (8.6%) controls), and this reduced the numbers to 12 158 cases and 11 780 controls. This is a study of OA comorbidity, using the concept of comorbidity as proposed by Feinstein 3 -namely, the presence of other clinical conditions with an index condition (OA in this study). Our cases therefore were designed to provide an estimate of the ''likelihood of consultation for morbidities other than OA'' among OA consulters; the controls provide estimates of the ''likelihood of consultation for morbidities other than OA'' among non-OA consulters of comparable age and sex to the cases. We therefore excluded subjects from our case group who had consulted only for OA and nothing else in the study year; this made our cases comparable with the control group, all of whom had consulted at least once in the study year for a morbidity other than OA. This resulted in exclusion of a further 783 cases, leaving 11 375 cases available for the analysis.
Morbidity definitions
The comorbid effect of OA was measured by the difference in the prevalence of morbidities other than OA in cases compared with controls during the whole study year. For the purposes of our study we used two levels of the Read hierarchy to classify morbidities. Firstly, all morbidity data were collated at the first (main body system chapter) level and referred to as ''broad disease groups''. Secondly, morbidity data were collated at the third level and referred to here as ''specific disease groups''.
Morbidity prevalence did not include repeat consultations for the same morbidity in the study year, and we defined it in two ways. Firstly, it was defined by morbidity count-based on simple numerical counts of coexisting specific disease groups. To assess morbidity count in the case group, our hypothesis was that there was no difference in the morbidity counts in the case group compared with the control group. Thus the case and control groups were defined in four categories of morbidity counts: single morbidity; two or three morbidities; four or five morbidities; and six or more morbidities. Secondly, it was defined by clinical morbidity-based on OA combinations with (a) broad disease groups and (b) specific disease groups. To assess clinical morbidity, we employed the null hypothesis that stated there is no difference between the case and control groups in the occurrence of a specific stated morbidity.
Morbidity outcomes
Over 10 000 individual Read codes had been used in the MSGP4 database, hence our decision to collate all consultations at two levels of the Read system, the first and the third. The clinical morbidities described relate to at least one consultation for the Read code category during the study year; repeat consultations within the same category are not included. Specific disease groups were also categorised into musculoskeletal disorders and non-musculoskeletal disorders.
Statistical analysis
The comorbid effect of OA was first estimated by comparing the morbidity count in cases and controls. The effects of age, sex, and social class on the morbidity count were estimated by logistic regression, summarised using odds ratios with 95% confidence intervals. The comorbid effect was then further explored by estimating associations of OA with other specific morbidities: odds ratios adjusted for age, sex, and social class, were calculated for (a) broad disease groups (16 in total), (b) specific disease groups of musculoskeletal disorders, and (c) specific disease groups of non-musculoskeletal conditions. After applying the selection criterion of a minimum prevalence for each of these groups of 0.5% in the study population, there were 134 specific disease groups for which consultation had been sought by cases during the survey year. Case-control associations with these 134 morbidities were examined by unconditional logistic regression using 99% confidence intervals for the odds ratios to give more stringent results. It is known that some patients present many problems to health care and appear to have a propensity to consult given a health problem. 20 Thus, possibly, any potential associations between OA and other morbidities may reflect this propensity. Because there is no standard measure of ''propensity'' we assessed the effect of this issue in two ways: (a) odds ratios for a broad disease outcome were also adjusted for the number of other broad disease group consultations by the same person and (b) odds ratios for a specific disease group were adjusted by the category of morbidity count, as defined above in the morbidity definitions, again using 99% confidence intervals for the odds ratios. All analyses were carried out using SPSS version 10.0 for Windows. 19 
RESULTS

Morbidity count
The prevalence of a high morbidity count (six or more conditions other than OA) was greater (31%) in cases than in controls (21%). In cases, a high morbidity count was more common in women (33%) than men (26%) (difference = 7.6%; 95% confidence interval (CI) 5.8 to 9.3), in those aged 75 and over compared with the youngest group (5.9; 2.4 to 9.6), and in socioeconomic groups IV and V (33%) compared with professional and managerial groups (29%) (3.4; 0.9 to 5.9). Age, sex, and socioeconomic variations in morbidity count were similar among controls but less marked (table 1). In the case-control analysis, after adjusting for age, sex, and social class, cases were significantly more likely to have medium (1.81; 95% CI 1.66 to 1.97) and high (2.35; 2.16 to 2.55) levels of morbidity counts than controls (table 2) .
Clinical morbidity other than OA: broad disease groups Cases were more likely than controls to have consulted within all of the 16 broad disease chapters, with the exception of infectious disease, neoplasms, and congenital anomalies chapters (table 3) . The strongest association of OA was with other consultations in the musculoskeletal and connective tissue disease chapter (OR 1.80, 99% CI 1.67 to 1.94) having adjusted for age, sex, and social class. Other strong associations with OA were with digestive system disorders and injury. The weakest significant association was with respiratory disorders (1.13; 1.05 to 1.21). After adjusting for the number of other broad disease chapters for which each subject had consulted in the study year, most of these associations became weaker, but eight remained significant (p,0.01). The two strongest associations in the OA case group compared with controls after this adjustment were for musculoskeletal and connective tissue diseases (1.73; 1.60 to 1.86), and digestive system diseases (1.33; 1.21 to 1.45).
Clinical morbidity: musculoskeletal disorders
The most prevalent musculoskeletal conditions were back disorders (cases 8.5% v controls 6.2%), other joint disorders (7.7 v 4.0), soft tissue disorders (7.0 v 4.0), peripheral enthesopathies (5.4 v 3.5), and spondylosis (5.8 v 3.1) (table 4). Of the 23 musculoskeletal specific disease groups, 11 were significantly more prevalent in cases than in controls. The most significant associations with OA after adjusting for age, sex, and social class were with other arthropathies (OR 2.26; 99% CI 1.50 to 3.41), upper limb sprain (2.04; 1.38 to 3.00), synovial and tendon disorders (2.03; 1.54 to 2.68), and other joint disorders (2.00; 1.71 to 2.32) (table 4). Even after adjusting for morbidity count (that is, the number of other specific disease categories for which each subject had consulted in the study year), all significant associations between musculoskeletal specific disease categories and OA remained statistically significant, although weaker.
Clinical morbidity: non-musculoskeletal disorders
The most common non-musculoskeletal conditions for which consultation was sought (cases v controls) were bronchitis (15.0% v 13.3%), accidental injury (13.3 v 10.4), general symptoms (7.5 v 6.0), neurotic disorders (7.1 v 6.1), and urinary tract disorders (6.3 v 4.8). There was a wide range of associations of OA with specific disease groups. Table 5 presents the 44 significant associations out of 111 specific disease categories that were examined in descending order of strength of association. The strongest associations between OA and non-musculoskeletal conditions after adjusting for age, sex, and social class were with obesity (OR 2.25; 99% CI 1.73 to 2.92), gastritis (1.98; 1.46 to 2.68), phlebitis (1.80; 1.28 to 2.52), diaphragmatic hernia (1.80; 1.28 to 2.52), ischaemic heart disease (1.73; 1.13 to 2.66), cellulitis (1.67; 1.14 to 2.43), and intestinal diverticula (1.63; 1.20 to 2.23). Other notable but weaker associations of the OA case group were with depressive disorder (1.45; 1.15 to 1.82), falls (1.40; 1.13 to 1.73), and accidental injury (1.32; 1.18 to 1.46). After adjusting for morbidity count (that is, the number of other specific disease categories for which each subject had consulted in the study year), 17 significant associations remained between OA and specific non-musculoskeletal disease groups (results not shown but these 17 categories are marked À in table 5). The strongest associations with OA, after adjusting for age, sex, deprivation, and morbidity count, 
DISCUSSION
In our population based study of general practice consulters aged 50 and over followed up for one year, 11.5% had consulted for the index condition of OA. In this OA group 31% had consulted for five or more other clinical conditions during the course of the year; the comparable figure for the non-OA population was 21%. High morbidity counts were associated with being female, older, and of unskilled or partly skilled socioeconomic status, but these factors did not explain the higher counts in the patients with OA compared with the non-OA controls. OA consulters were more likely than the controls to have other generalised and localised musculoskeletal problems or be injured in a 12 month period. These results are consistent with evidence that patients presenting with single joint OA are more likely to have OA or related symptoms in other joints, 21 22 that soft tissue disorders contribute both to the development of OA and to the pain and restricted movement in OA, 23 24 and that patients with OA are more prone to falls and injury. 25 However, there may be another explanation for some of this musculoskeletal comorbidity. Although the MSGP database was specifically set up to collect morbidity data in general practice using a standard clinical classification system, there was no standardisation of how general practitioners would apply the codes. Diagnosis in primary care has to take account of the undifferentiated and vague way in which symptoms often present. The case group was identified by the term ''OA'', as used by general practitioners in every day clinical contact. This label possesses face validity for general practice, but may differ from a diagnosis based on criteria such as radiological changes in OA. 26 For the purposes of the study we have assumed that it represents symptoms suggestive of OA to the general practitioner. Although labels such as ''arthropathies'' and ''arthralgia'' might represent distinctive and additional problems to OA, it is also quite plausible that they represent earlier stages of OA before the diagnosis is applied. For example ''knee joint pain'' may be recorded on the first visit, but ''OA'' is applied later after an x ray examination. Furthermore, once a musculoskeletal diagnosis is given, both patients and their general practitioners may pay more attention to the presence of other musculoskeletal disorders, so that in effect patients with OA were ''screened'' for these other conditions. The musculoskeletal morbidity we have observed in patients with OAparticularly undifferentiated joint pain-would then in part represent overlap between labels and the way they are applied at different times as a clinical syndrome develops in general practice.
Comorbidity of OA with selected chronic conditions other than musculoskeletal disorders has been shown previously. Hospital based studies in America have shown that peptic ulcer disease and renal disease 27 are associated with OA and, in general practice based studies in Holland, that chronic conditions such as diabetes, heart disease, and OA often occur together. 4 The explanation for specific comorbidity may lie in shared mechanisms of disease or the impact which one condition may have on increasing vulnerability to another. Previous research has suggested that patients with OA have reduced cardiovascular fitness. 28 The association of depression and obesity with chronic joint pain and OA is well reported in population based studies. 29 30 The finding that gastrointestinal consultations are more prevalent in those with OA is plausibly explained by use of non-steroidal antiinflammatory drugs for musculoskeletal pain in primary care. 31 With respect to the reasons for this, it is important to consider whether comorbid conditions might be clinically or pathologically related to the syndrome of OA or whether bias Bold indicates statistically significant at 1% level. *Adjusted for age, sex, and social class; non-OA group is reference group; Àadjusted for age, sex, social class, and number of other broad disease groups for which subjects consulted; non-OA group is reference group;`excluding N05.
and confounding might explain the observations. This study therefore confirms some plausible chronic disease associations but adds a wider picture of other problems that appear to occur more commonly in patients consulting with OA and which are also presented to their general practitioners.
Design issues
We investigated OA under a broad definition. However, there is evidence that the course of the condition varies in different joints, 32 and whether comorbidity also varies with joint site remains to be established.
Our study applied case-control comparisons by excluding 783 patients who had consulted only about OA in the study period. This was to ensure we were comparing the incidence of non-OA consultations in the presence and in the absence of OA. This conservative assumption was made in line with the concept of comorbidity as originally proposed by Feinstein 3 (''other conditions in the presence of an index condition''). We did however reanalyse the dataset including the ''OA consultation only'' group. After adjustment for age, sex, and social class, minimal change in the measure of OA associations with specific disease groups was found. All the musculoskeletal associations shown in table 4 remained significant, as did all the non-musculoskeletal conditions highlighted in the text.
Subjects who were registered with their general practice for less than the full study year were excluded, because they would not have contributed to the full year's consultation count. If the reason for truncated registration was linked to comorbidity (for example, death), this might be a source of bias. However, the main reason for incomplete records in the study general practices was movement of patients to nonstudy practices, and it is unlikely that the small numbers excluded for this reason would bias the results.
Finally, our study describes the prevalence of comorbidity in one year. Some comorbidity might only arise across several years for a chronic disease such as OA. However, our study was based on a large sample of consulters and is likely to have given a good cross sectional representation of comorbid links, regardless of the time over which they might have developed. Furthermore, chronic conditions in general practice are likely to be recorded during any 12 month period, regardless of when they started, because of patterns of review and long term drug treatment. However, we accept that our ''one year period prevalence of comorbidity'' may underestimate the cumulative long term prevalence.
General practice records as a measure of morbidity Two different types of explanation relate to the consultation process itself. One possibility is that frequent presentation provides the opportunity for general practitioners to detect more health problems (for example, heart disease or phlebitis). Another possibility is that comorbidity in primary care represents a propensity to seek health care more frequently for a range of symptoms. 33 Such heightened symptom awareness, whatever its cause, seems to be a feature of patients with chronic widespread pain, 34 but it has not been studied in older adults with multiple joint pains. We attempted to explore this issue by using the overall number of morbidities for which consultation was sought as a proxy measure of propensity to consult. The weaker but persisting associations after this crude adjustment suggest that there is some effect of propensity to consult on the associations found, but that it only partially explains our observations. Whatever the explanations, the fact remains that there are high levels of OA comorbidity with which patients present to general practice and which are likely to have a high impact on overall health status and healthcare resources.
The general practice database used for this study had collected information from 60 general practices across England and Wales. The population registered with these practices was representative of the England and Wales population and was unselected by health care or by membership of particular groups. Our morbidity measures relied on general practice consultations in this population and it is reasonable to assume that the data represent complete ascertainment of consultations within this population during the year of the survey. Morbidity based on consultations has to be interpreted according to the possible selectivity of what people might choose to present to their general practitioners, although it is likely that the most significant morbidities were represented. The patients' beliefs, attitudes, and psychosocial background may also influence the clinical presentation to general practice, and therefore the records of their health service contact relate to a wide range of problems. Examination of all recorded consultations according to the Read codes or ''labels'' that were used in a 12 month period gives insight into the nature of these presentations. Our study has suggested a broad picture of increased morbidity in patients with OA. Whether such comorbidity is important in itself will need to be examined in further studies to establish whether it has an effect over and above the separate impact of OA and of each individual comorbid condition.
Study implications
Our study has shown that measuring clinical comorbidity using general practice records offers a detailed insight into the multiple problems that patients present to their general practitioners. Using OA as the index condition, morbidity counts were higher in patients with clinical OA than in the non-OA population, and this was independent of age, sex, and social class. Furthermore, it has investigated a wide range of problems for which people consult in primary care and indicated that many of them occurred more frequently in patients with OA than in non-OA controls. This included acute as well as chronic problems and musculoskeletal as well as non-musculoskeletal conditions. The main question which this study raises is whether this level of comorbidity significantly adds to the disability or further impairs the health of individual patients and whether such comorbidity is condition specific. Further assessment of the comorbidity issue could contribute to setting clinical priorities, to choosing effective treatments, and to preventing disability among general practice patients with OA. Finally, the study highlights both the use and potential of well organised general practice computer records to study patterns of illness and health care, and to offer a more comprehensive view of a topic such as comorbidity in OA than might be derived from the study of hospital consulters alone. *Adjusted for age, sex, and social class; non-OA group is reference group, all statistically significant at 1% level; Àresults (not shown) which were significant at 1% level when adjusted for age, sex, social class, and categories of morbidity counts as defined by number of specific disease groups each subject had consulted for in the study year; non-OA group is the reference group.
